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ABSTRACT. This paper studies the nature of prime and composite numbers that the way 
they distribute using their unit digits. Specifically, it studies the nature of numbers with unit 
digit 1, 3, 7 and 9 only. There are polynomial sequence functions associated with numbers 
with unit digit 1, 3, 7 and 9. I hope programmers will use these sequence functions to code 
an algorithm which is much more important than the previous algorithms to determine the 
factor of particular composite numbers as well as tracking new prime numbers with in short 


period of computers time. 


1. Introduction 


A prime number (or a prime) is a natural number greater than 1 that has no positive divisors 
other than 1 and itself[1],[4]. A natural number greater than 1 that is not a prime number 
is called a composite number[1],[3],[4]. For example, 5 is prime because 1 and 5 are its 
only positive integer factors, whereas 6 is composite because it has the divisors 2 and 3 in 
addition to 1 and 6. The fundamental theorem of arithmetic establishes the central role of 
primes in number theory: any integer greater than 1 can be expressed as a product of primes 
that is unique up to ordering|1],[11]. The uniqueness in this theorem requires excluding 1 as 
a prime because one can include arbitrarily many instances of 1 in any factorization, e.g., 
3,1 * 3,1 * 13, etc. are all valid factorizations of 3. The property of being prime (or not) 
is called primality[12],[13], {9],[5]. A simple but slow method of verifying the primality of a 
given number n is known as trial division|7],[10]. It consists of testing whether n is a multiple 
of any integer between 2 and yn. Algorithms much more efficient than trial division have 
been devised to test the primality of large numbers|[7]. 
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There is no known useful formula that sets apart all of the prime numbers from composites. 
However, the distribution of primes, that is to say, the statistical behaviour of primes in 
the large, can be modelled. The first result in that direction is the prime number theorem, 
proven at the end of the 19t century, which says that the probability that a given, randomly 
chosen number n is prime is inversely proportional to its number of digits, or to the logarithm 
of n. Many questions regarding prime numbers remain open, such as Goldbach’s conjecture 
(that every even integer greater than 2 can be expressed as the sum of two primes), and 
the twin prime conjecture (that there are infinitely many pairs of primes whose difference 
is 2)|8]. Such questions spurred the development of various branches of number theory, 
focusing on analytic or algebraic aspects of numbers. Primes are used in several routines 
in information technology, such as public-key cryptography, which makes use of properties 
such as the difficulty of factoring large numbers into their prime factors. Prime numbers 
give rise to various generalizations in other mathematical domains, mainly algebra, such as 


prime elements and prime ideals. 


I have published one paper titled by the distribution of prime numbers and finding the factor 
of composite numbers without searching [2]. This paper is more specific than the previous. 
From my previous paper the formula f(p) = 105+ 2p for p ¥ 3n, 5n, 7n{13] is most important 
and fundamental for this paper. 

This paper contains formulas that they enables us to set apart all primes from composites 
until the desired one (lists down all composites and primes until the desired one), find the 
factor of composite numbers. 


2. A number with unit digit 1 


2.1. A number with unit digit 1 happens at a number with unit 
digit 3 

Theorem 1. The sequence function f(p) = 105 + 2p represents a natural number with unit 
digit 1 for all natural numbers p with unit digit 3, where n € N. 


Proof. Since p is every natural number with unit digit 3, then p = 10n — 7, n € N. Therefore 


f(p) = 105 + 2p = 105 + 2(10n — 7) = 105 + 20n — 14 = 20n +91 => f(p) = 20n +91,n € N 














represents a natural number with unit digit 1. 


Theorem 2. The sequence function f(p) = 20p + 91 represents a natural number with unit 
digit 1 which are different from 3n and Tn for all p 4 3n — 2,7n, where n € N. 


Proof. Since we know that f(p) = 105 + 2p 4 3n,7n for all p 4 3n, Tn, then 


f(p) = 105 + 2(10p — 7) = 20p + 91 Æ 3n, 7n for all (10p — 7) # 3n, Tn => p A #7, TAT, 
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If p # Set then p is to be natural number n = 1,11, 21,31,... = 10n — 9, n € N. This 
implies that 


, 3n47 _ adi ir = 3n — 2 => p # 3n — 2. Therefore f(p) = 20p + 91 Æ 3n for all 


p#3n—-2,neN. 
If p # miT, then p is to be natural number n = 9, 19,29, 39,... = 10n — 1, n € N. This 
implies that 
n47 _ 7(10n—1)+7 _ = 
p 4 TE = a = Tn > p Æ Tn. Therefore f(p) = 20p + 91 Æ Tn for all p Æ Tn, 


en, 


























Theorem 3. If g(p) = 20p + 91 for p Æ 3n — 2,7n, then the sequence function g(fi(p1, p2)) 
represents a composite natural number with unit digit 1 with factors 10p; — 9 and 10p2 — 9 
and a = a natural number with unit digit 3, where fi(p1, p2) = 5pipe— $(9p1 +9p2+ 1) 


for all pı 4 3n, Tn — 4, 2n and po 4 3n, Tn — 4, 2n — 1, where n EN. 


Proof. g(p) = 20p + 91 => g(fi) = 20fı +91 = 20(5pıp2 — 5(9p1 + 9pə + 1)) +91 = 
(10pı — 9)(10p2 — 9). 
Since (10p; — 9) and (10p2 — 9) represents a natural number with unit digit 1, then 





g(fil(pi, p2)) = (0p; — 9)(10p2 — 9) represents a composite natural number with unit digit 1 
with factors (10p; — 9) and (10p2 — 9). 

If (10p, — 9) 4 3n, Tn > pı A 2, BY and (10p2 — 9) Æ 3n, 7n > pz # BY, & then 
(10p; — 9)(10p2 — 9) Æ 3n, Tn. 

If pi # 7E, then p; is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 

Pı zno => pı É 300n-3)+9 = 3n > pı # 3n. 

Theteiore g(fı(pı, p2)) Æ 3n for all pı, po Æ 3n. 

If pı # T, then pı is to be natural number n = 3, 13, 23,33,... = 10n — 7, n € N. This 
implies that 

pı # BE >p f UDH Zm- 4p # ™n—4 

Therefore g(fı(pı, p2)) Æ Tn for all pı, p2 Æ Tn — 4 


Since fı(pı, p2) = 5pipe — $(9p1 + 9p + 1), then fı to be natural number pı should be even 


























natural number and pə should be odd natural number and vice versa because the expression 
(9p; + 9p. + 1) must be even. 

Hence g(f1 (pi, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all pı 4 3n, Tn — 4,2n and po Æ 3n, Tn — 4,2n — 1. 














Theorem 4. If g(p) = 20p+ 91 for p Æ 3n — 2,7n, then the sequence function g( fo(p1, p2)) 
represents a composite natural number with unit digit 1 with factors 10p,; — 3 and 10p2 — 7 
and glia) 108 = a natural number with unit digit 3, where fo(p1, p2) = 5pipe— $(7p1 +3p2 +7) 


for all pı 4 3n, Tn — 6, 2n and po # 3n — 2, Tn, 2n + 1, where n € N. 
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Proof. g(p) = 20p + 91 = g(f2) = 20f2 + 91 = 20(5pipe — $(7p. + 3p2 + 7)) + 91 = 
(10p; — 3)(10p2 — 7). 

Since (10p;—3) and (10p2—7) represents a natural number with unit digit 7 and 3 respectively, 
then 

g( fo(p1, p2)) = (10p; — 3)(10p2 — 7) represents a composite natural number with unit digit 1 
with factors (10p; — 3) and (10p2 — 7). 

If (10p, — 3) A 3n, Tn > pı F 28, BS and (10p2 — 7) 4 3n,7n > py # F, Tate then 
(10p; — 3)(10p2 — 7) Æ 3n, Tn. 




















If pı # anta, then p; is to be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 

pı ones => pı F Bu s = 3n > pı # 3n. 

If po 4 SeT, then pə is to be natural number n = 1, 11,21, ... = 10n — 9, n € N. This implies 
that 





po # ZE > py a DHT — 3n — 2 > pp # 3n — 2 


Therefore g(fo(p1, p2)) Æ 3n for all pı A 3n, po # 3n — 2 

If p # mts, then pı is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 
implies that 

pi # ZÈ > pı # D i D+3 Z m- 6 >p # Tn- 6 

If pə 4 “Ing, then pə is to be natural number n = 9,19, 29,39, ... = 10n — 1, n € N. This 
implies that 

po # WET > p 4 MOUS = Tm = p # Tn. 


Therefore g( f2(pı, p2)) P 7n for all pı 4 Tn — 6, po # Tn. 
Since f2(p1, p2) = 5pıP2 — $(7p1 + 3p2 + 7), then f to be natural number p; should be even 














natural number and pə should be odd natural number and vice versa because the expression 
(7p; + 3p2 + 7) must be even. 

Hence g(f2(pi, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all pı 4 3n, Tn — 6,2n and pə Æ 3n — 2,7n,2n + 1. 














Theorem 5. If g(p) = 20p + 91 for p 4 3n — 2,7n, then the sequence function g(f3(p1, p2)) 
represents a composite natural number with unit digit 1 with factors 10p, — 1 and 10pə — 1 
and ee = a natural number with unit digit 3, where f3(p1,p2) = 5pip2 — (pı +p +9) 


for all pı # 3n — 2, Tn — 2, 2n and po # 3n — 2, Tn — 2, 2n + 1, where n EN. 


Proof. g(p) = 20p + 91 => g( f3) = 20 f3 +91 = 20(5pıp2 — 5 (D1 + po + 9)) + 91 = (10p; — 
1)(10p2 — 1). 
Since (10p; — 1) and (10p2 — 1) represents a natural number with unit digit 9, then 





g(f3(p1, p2)) = (10p; — 1)(10p2 — 1) represents a composite natural number with unit digit 1 
with factors (10p; — 1) and (10p2 — 1). 

If (10p; — 1) Æ 3n, 7n > pı A ZF, SS and (10p2 — 1) Æ 3n, 7n > pz 4 BY, SS then 
(10pi — 1)(10p2 — 1) Æ 3n, Tn. 
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If pı # antl, then p; is to be natural number n = 3, 13, 23,... = 10n — 7, n € N. This implies 
that 

pı #2 > pı Z 3 Ain- -DH = 3n — 2 > pı # 3n — 2 

Therstore 9(f3(P1, p2)) a 3n for all pı, po 4 3n — 2 

If pi # Z, then pı is to be natural number n = 7, 17,27,37, ... = 10n — 3, n € N. This 
implies that 

pı £ m > pı É aa 3H L 7-25 p #7n—2 

Theirs 9(f3(P1, p2)) E 7n for all p1, po 4 Tn — 2 

Since f3(pı, p2) = 5pıp2 — (pı + pə + 9), then fs to be natural number pı should be even 














natural number and pə should be odd natural number and vice versa because the expression 
(pı + po + 9) must be even. 

Hence g(f3(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all pı 4 3n — 2,7n — 2, 2n and po 4 3n — 2,7n — 2,2n+ 1. 














Theorem 6. [fp ¢ {8n—2}U{7n}U{fi}U{fo}U{fs}, where n € N then g(p) = 20p+ 91 
represents a prime number with unit digit 1 greater than or equal to 131, where fı(pı, p2), 
fo(pi, p2) and f3(pi,p2) are defined from the above Theorem 3, Theorem 4 and Theorem 5 
respectively. 











Proof. Clearly followed from Theorem 3, 4 and 5. 





2.2. A number with unit digit 1 happens at a number with unit 
digit 8 

Theorem 7. The sequence function f(p) = 105 + 2p represents a natural number with unit 
digit 1 for all natural numbers p with unit digit 8, where n € N. 


Proof. Since p is every natural number with unit digit 8, then p = 10n — 2, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 2) = 105 + 20n — 4 = 20n + 91 => f(p) = 20n + 101,n € N 











represents a natural number with unit digit 1. 





Theorem 8. The sequence function f(p) = 20p + 101 represents a natural number with unit 
digit 1 which are different from 3n and Tn for all p 4 3n — 1, 7n — 4, where n EN. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p 4 3n, Tn, then 


f(p) = 105 + 2(10p — 2) = 20p + 101 Æ 3n, 7n for all (10p — 2) 4 3n, 7n > p 4 242, T42. 


If p # “2. then p is to be natural number n = 6,16, 26,36,... = 10n — 4, n € N. This 


implies that 


px mz = sO ae = 3n — 1 => p Æ 3n — 1. Therefore f(p) = 20p + 101 ¥ 3n for all 


p#3n—1,neEN. 
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If p # mt, then p is to be natural number n = 4, 14,24, 34, ... = 10n — 6, n € N. This 


implies that 


p int? = a = m -4 => p - 7n — 4. Therefore f (p) = 20p + 101 A Tn for all 


p#in—4,neNn. 




















Theorem 9. Ifg(p) = 20p+101 for p 4 3n—1, 7n—4, then the sequence function g( fs(p1, p2)) 
represents a composite natural number with unit digit 1 with factors 10p; — 9 and 10p2 — 9 
and at f5)—105 = a natural number with unit digit 8, where fs(p1, p2) = 5pip2— 5(9p1 + 9p. +2) 


for all pı, p2 Æ 3n, Tn — 4,2n — 1, where n EN. 





Proof. g(p) = 20p + 101 = g(fs) = 20 fs + 101 = 20(5pip2 — 4(9pı + 9p2 + 2)) + 101 = 
(10p; — 9)(10p2 — 9). 

Since (10p; — 9) and (10p2 — 9) represents a natural number with unit digit 1, then 
g(fs(p1, p2)) = (10pı — 9)(10p2 — 9) represents a composite natural number with unit digit 1 
with factors (10p; — 9) and (10p2 — 9). 

If (10p; — 9) 4 3n,7n > pı # 2, T and (10p,. — 9) 4 3n, Tn > pp 4 BY, BY then 
(10p; — 9)(10p2 — 9) Æ 3n, Tn. 

If py # anto, then p; is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 

pi # ŽP => p y UIH — 3n => py A 3n. 

Therefore g(f5(p1, p2)) Æ 3n for all pı, po Æ 3n. 

If py Æ mta, then pı is to be natural number n = 3, 13, 23, 33,... = 10n — 7, n € N. This 
implies that 

pı ms => pF en = 7n—4=>p, #7n—4 

Therefore g(fs(p1, p2)) Æ Tn for all pı, po # Tn — 4 


Since fs(p1, p2) = 5pip2 — 5(9p1 + 9p. + 2), then fs to be natural number pı and p> should 


























be even/odd natural number because the expression (9p; + 9p2 + 2) must be even. 
Hence g(fs(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all p1, p2 4 3n, Tn — 4, 2n — 1. 














Theorem 10. If g(p) = 20p + 101 for p 4 3n —1,7n — 4, then the sequence function 
g(fe(p1,p2)) represents a composite natural number with unit digit 1 with factors 10p, — 3 
and 10p> — 7 and a Fo) 108 = a natural number with unit digit 8, where fe(p1, p2) = 5pipe — 
5(7p1 + 3p2+8) for all pı 4 3n, Tn — 6,2n4+ 1 and po # 3n — 2,7n,2n+1, where n EN. 





Proof. g(p) = 20p + 101 = g(fs) = 20fs + 101 = 20(5pıp2 — 4(7p, + 3p2 + 8)) + 101 = 
(10p; — 3)(10p2 — 7). 

Since (10p;—3) and (10p2—7) represents a natural number with unit digit 7 and 3 respectively, 
then 
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g(fe(p1, p2)) = (10p; — 3)(10p2 — 7) represents a composite natural number with unit digit 1 
with factors (10p; — 3) and (10p2 — 7). 

If (10p, — 3) # 3n, Tn > pı # 228, BS and (10p. — 7) Æ 3n, Tn > py # 2", MAT, then 
(10p; — 3)(10p2 — 7) 4 3n, Tn. 

















If pı # SHES then p; is to be natural number n = 9,19, 29,... = 10n — 1, n € N. This implies 
that 

pi #238 => py g n Da — 8n => pi # 3n. 

If po # a then pə is to be natural number n = 1, 11,21,... = 10n — 9, n € N. This implies 
that 


po # ZE > py y UDH — 3n — 2 > p # 3n — 2 


Therefore g(fe(pı, p2)) Æ 3n for all pı A 3n, po # 3n — 2 


If py # tats then pı is to be natural number n = 1, 11, 21, 31,... 


implies that 

pi #28 > pi F 700n O43 = Tn — 6 > pı # Tn — 6. 

If po 4 "maT, then pə is to be natural number n = 9, 19, 29, 39,... = 10n — 1, n € N. This 
implies that 

po # TH > p Æ a DHT L Tn > pz $ Tn. 

Therefore g( fe(pı, p2)) a 7n for all pı Æ Tn — 6, po Æ Tn. 


Since f6(p1,P2) = 5pıp2 — 4(7pı + 3p2 + 8), then fg to be natural number pı and p> should 








10n — 9, n € N. This 











be even/odd natural number because the expression (7p; + 3p2 + 8) must be even. 
Hence g(fe(pı, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all pı 4 3n, 7n — 6, 2n + 1 and p Æ 3n — 2, Tn, 2n + 1. 














Theorem 11. If g(p) = 20p + 101 for p # 3n — 1,7n — 4, then the sequence function 
g(fr(p1, p2)) represents a composite natural number with unit digit 1 with factors 10p, — 1 
and 10p2 — 1 and a Fr) 108 = a natural number with unit digit 8, where f7(p1,p2) = 5pipe — 
S(pi + p2 + 10) for all pı, po 4 3n — 2, Tn — 2,2n + 1, where n € N. 


Proof. g(p) = 20p + 101 = g(f7) = 20f7 + 101 = 20(5pıpə — (pı + p2 + 10)) + 101 = 
(10p; — 1)(10p2 — 1). 
Since (10p; — 1) and (10p2 — 1) represents a natural number with unit digit 9, then 





g(fr(p1, p2)) = (0p; — 1)(10p2 — 1) represents a composite natural number with unit digit 1 
with factors (10p; — 1) and (10p2 — 1). 

If (10p: — 1) A 3n,7n > pı # ZH, SY and (10p2 — 1) Æ 3n, 7n > pz 4 BS, SS then 
(10p, — 1)(10p2 — 1) 7 3n, Tn. 

If pı # H ; 
that 

pı #24 >p xX alon- 300r- = 3n — 2 > pı # 3n — 2 
Therefore g( fr(pı, p2)) 2) 3n for all pı, po 4 3n — 2 

















,23,... = 10n—7,n € N. This implies 
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If py Æ mtl, then pı is to be natural number n = 7, 17, 27, 37,... = 10n — 3, n € N. This 
implies that 


pı mF => pı F Li = Tn -2 > pı # Tn — 2. 


Therefore g(f7(p1, p2)) Æ Tn for all pı, po 4 Tn — 2. 
Since f7(p1, p2) = 5pıp2 — (pı + p2 + 10), then fy to be natural number pı and p> should be 








even/odd natural number because the expression (pı + pz + 10) must be even. 
Hence g(fz(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 1 for all pı, po 4 3n — 2, Tn — 2, 2n + 1. 














Theorem 12. Ifp ¢ {3n—1}U{7n—4}U{ fs}U{ fe}U{ fz}, where n € N then g(p) = 20p+101 
represents a prime number with unit digit 1 greater than or equal to 181, where fs(pı, p2), 
fe(pi, p2) and fz(pı, p2) are defined from the above Theorem 9, Theorem 10 and Theorem 11 
respectively. 











Proof. Clearly followed from Theorem 9, 10 and 11. 





Theorem 13. From the above Theorem 6 and Theorem 12 the functions g(p) = 20p + 91 
and g(p) = 20p+ 101 respectively represents all prime numbers with unit digit 1 greater than 
or equal to 131. 











Proof. Clearly followed from Theorem 6 and 12. 





3. A number with unit digit 3 


3.1. A number with unit digit 3 happens at a number with unit 
digit 4 

Theorem 14. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 3 for all natural numbers p with unit digit 4, where n € N. 


Proof. Since p is every natural number with unit digit 4, then p = 10n — 6, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 6) = 105 + 20n — 12 = 20n + 93 => f(p) = 20n+ 93,n € N 














represents a natural number with unit digit 3. 


Theorem 15. The sequence function f(p) = 20p+93 represents a natural number with unit 
digit 3 which are different from 3n and Tn for all p 4 3n,7n — 5, where n € N. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p 4 3n, Tn, then 
f(p) = 105 + 2(10p — 6) = 20p + 93 # 3n, 7n for all (10p — 6) # 3n, Tn > p F HE, Ttt, 


IfpF zats, then p is to be natural number n = 8, 18, 28, 38,... = 10n — 2, n € N. This 
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implies that 


p aut = 3Gon—2)+6 = 3n > p # 3n. Therefore f(p) = 20p + 93 ¥ 3n for all p Æ 3n, 


neN. 


imt® then p is to be natural number n = 2,12, 22,32,... = 10n — 8, n € N. This 


implies that 


p x mts — TS L 7m —5 > p #7Tn—5. Therefore f(p) = 20p +93 # 7n for all 


p#in—-5,neEN. 























Theorem 16. /f g(p) = 20p+ 93 for p 4 3n, Tn — 5, then the sequence function g( fo(p1, p2)) 
represents a composite natural number with unit digit 3 with factors 10p; — 9 and 10p2 — 7 
and a fo) 105 = a natural number with unit digit 4, where fo(p1, p2) = 5pip2— 5(7p1 +9p +3) 


for all pı 4 3n, Tn — 4, 2n — 1, po # 3n — 2, Tn, 2n where n EN. 





Proof. g(p) = 20p + 93 = g(fo) = 20fə + 93 = 20(5pıpə — 4(Tpı + 9p2 + 3)) + 93 = 
(10pı — 9)(10p2 — 7). 

Since (10pı—9) and (10p2—7) represents a natural number with unit digit 1 and 3 respectively, 
then 

g( fo(p1, p2)) = (10pı — 9)(10p2 — 7) represents a composite natural number with unit digit 3 
with factors (10p; — 9) and (10pə — 7). 

If (10p, — 9) 4 3n, Tn > pı 4 #2, BY and (10p2 — 7) Æ 3n, 7n > py FZ 2241, MAT then 
(10p; — 9)(10p2 — 7) Æ 3n, Tn. 














If pi # ZE, then pı is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 

pı Jae => pı Z IH L 3n > pı Ff 3n. 

If po Æ “nT, then pə is to be natural number n = 1,11, 21,... = 10n — 9, n € N. This implies 
that 


po # E > py ya DET — 3n — 2 > p # 3n — 2 


Therefore g(fo(p1, p2)) Æ 3n for all pı A 3n, po # 3n — 2 

If py # mta, then pı is to be natural number n = 3, 138, 23, 38, ... 
implies that 

pi #22 >p F Aai DHI -Tmn — 4 > p £ Tn — 4. 

If po 4 “Tn, then pə is to be natural number n = 9, 19, 29,39,... = 10n — 1, n € N. This 
implies that 

p # MAT > p 4 TOUS = In, => py T. 


Therefore g( fo(pı, p2)) 2 Tn for all py 4 Tn — 4, po 4 Tn. 
Since fo(p1, p2) = 5p1p2 — $(7p1 + 9p2 + 3), then fg to be natural number pı should be even 








10n — 7, n € N. This 











natural number and pə should be odd natural number and vice versa because the expression 
(Tpı + 9p2 + 3) must be even. 
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Hence g(fo(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 3 for all pı 4 3n, Tn — 4,2n — 1 and po Æ 3n — 2, Tn, 2n. 














Theorem 17. /f g(p) = 20p +93 for p # 3n, 7n—5, then the sequence function g(fio(p1, p2)) 
represents a composite natural number with unit digit 3 with factors 10p,; — 3 and 10p2 — 1 
and alfao) 105 = a natural number with unit digit 4, where fio(p1, p2) = 5pip2— (pı +3p2 +9) 
for all pı £ 3n, Tn — 6, 2n + 1, po Æ 3n — 2, Tn — 2, 2n, where n EN. 





Proof. g(p) = 20p +93 = g(fio) = 20fio + 93 = 20(5pip2 — (pı + 3p2 + 9)) + 93 = 
(10pı — 3)(10p2 — 1). 

Since (10p;—3) and (10p2—1) represents a natural number with unit digit 7 and 9 respectively, 
then 

g(fio(p1, p2)) = (10p, — 3)(10p2 — 1) represents a composite natural number with unit digit 
3 with factors (10p; — 3) and (10p2 — 1). 

If (10p; — 3) 4 3n, 7n => pı # 228, T3 and (10p2 — 1) 4 3n, Tn > ps BY, BH, then 
(10p; — 3)(10p2 — 1) Æ 3n, Tn. 














If pı # SHES then p; is to be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 

pi # BB > p A AUDI — Bn Sp A 3n. 

If po # antl, then pə is to be natural number n = 3, 13, 23,... = 10n — 7, n € N. This implies 
that 


po Z H > p, A 30M DH E 3n — 2 > p # 3n — 2 


Therefore GG hee) # 3n for all py 4 3n, po # 3n — 2 

If py # mts, then pı is to be natural number n = 1,11,21,31,... 
implies that 

pi #4 aS >p y UD — mn- 6 > pi # Tn- 6 

If pp A “#*, then ps is to be natural number n = 7, 17,27,37, ... = 10n — 3, n € N. This 
implies that 

p # Mtl > po y Un 3) — mn -2> pA n= 

Therefore 9(fio(p1, p2)) Æ Tn for all py 4 Tn — 6, pp 4 Tn — 2 


Since fio9(p1, P2) = 5p1p2 — (pı + 3p2 + 9), then fio to be natural number pı should be even 








10n — 9, n € N. This 











natural number and pə should be odd natural number and vice versa because the expression 
(pı + 3p2 + 9) must be even. 

Hence g(f1o(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 3 for all pı 4 3n, Tn — 6, 2n + 1 and po Æ 3n — 2, Tn — 2, 2n. 
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Theorem 18. If p ¢ {3n}U {7n — 5} U {fo} U {fio}, where n € N then g(p) = 20p + 93 
represents a prime number with unit digit 3 greater than or equal to 113, where fo(p1, p2) 
and fio(pi, p2) are defined from the above Theorem 16 and Theorem 17 respectively. 











Proof. Clearly followed from Theorem 16 and 17. 





3.2. A number with unit digit 3 happens at a number with unit 
digit 9 

Theorem 19. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 3 for all natural numbers p with unit digit 9, where n € N. 


Proof. Since p is every natural number with unit digit 9, then p = 10n—1,n € N. Therefore 
f(p) = 105 + 2p = 105+ 2(10n — 1) = 105 + 20n — 2 = 20n + 103 > f(p) = 20n + 103,n € N 


represents a natural number with unit digit 3. 














Theorem 20. The sequence function f(p) = 20p + 103 represents a natural number with 
unit digit 3 which are different from 3n and Tn for all p 4 3n — 2, Tn — 2, where n € N. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p 4 3n, Tn, then 


f(p) = 105 + 2(10p — 1) = 20p + 103 Æ 3n, 7n for all (10p — 1) 4 3n, 7n > p 4 Z, BH 


If pF Sneek then p is to be natural number n = 3, 13, 23, 33,... = 10n —7, n € N. This 


implies that 
p # smth = 300r OH) L 3n — 2 > p # 3n —2. Therefore f(p) = 20p + 103 + 3n for all 

















10 10 
pA#3n—2,neEN. 
IfpF mil, then p is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 


implies that 


p Tata = alias ba = Tn— 2 = p # Tn — 2. Therefore f(p) = 20p + 93 # 7n for all 


p#in—2,neEN. 

















Theorem 21. If g(p) = 20p + 103 for p # 3n — 2,7n — 2, then the sequence function 
g(fi2(p1, p2)) represents a composite natural number with unit digit 3 with factors 10p, — 9 
and 10p. — 7 and sais = a natural number with unit digit 9, where fi2(p1, p2) = 5pipe — 
$(7p1 + 9p +4) for all pı 4 3n, Tn — 4, 2n — 1, po # 3n — 2, Tn,2n + 1 where n € N. 





Proof. g(p) = 20p + 103 => g(fi2) = 20f12 + 103 = 20(5pıp2 — +(7pı + 9p2 + 4)) + 103 = 
(10p; — 9)(10p2 — 7). 

Since (10p;—9) and (10p2—7) represents a natural number with unit digit 1 and 3 respectively, 
then 

g(fi2(p1, p2)) = (10pı — 9)(10p2 — 7) represents a composite natural number with unit digit 
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3 with factors (10p; — 9) and (10p2 — 7). 
If (10p; — 9) 4 3n, 7n => pı A %42, @* and (10p2 — 7) Æ 3n, Tn = pz A 47, TT then 
(10p; — 9)(10p2 — 7) 4 3n, Tn. 























If pi # 2, then pı is to be natural number n = 7, 17, 27,... = 10n — 3, n € N. This implies 
that 

pı zno >p pi alon- Do = 3n > pı É 3n. 

If po 4 IT, then pə is a be natural number n = 1,11, 21,... = 10n — 9, n € N. This implies 
that 





es + 2H > p # -DH — 3n — 2 > p # 3n — 2 


Therefore g(fi2(p1, p2)) Æ 3n for all pı Æ 3n, po # 3n — 2 

If pi # 4*, then p; is to be natural number n = 3, 13, 23,33, ... = 10n — 7, n € N. This 
implies that 

pı Tnt >p pM anu Dn =7n-4>p,47n—-4 

If po 2 "maT, then pə is bs be natural number n = 9,19, 29,39,... = 10n — 1, n € N. This 
implies that 

po # Mtl > py f UDH — Tn => py # Tn. 


Therefore g(fi2(p1, p2)) Æ Tn for all pi Æ Tn — 4, po F Tn. 
Since fi2(pi,p2) = 5pip2 — $(7p1 + 9p +4), then fig to be natural number pı and pz should 














be even/odd natural number because the expression (7p; + 9p2 + 4) must be even. 
Hence g(f12(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 3 for all pı 4 3n, Tn — 4, 2n — 1 and po Æ 3n — 2,7n,2n + 1. 














Theorem 22. If g(p) = 20p + 103 for p # 3n — 2,7n — 2, then the sequence function 
g(fi3(p1, p2)) represents a composite natural number with unit digit 3 with factors 10p, — 3 
and 10p2 — 1 and sais = a natural number with unit digit 9, where fı3(pı, p2) = 5pipe — 
(pı + 3p2 + 10) for all pı Æ 3n, Tn — 6, 2n + 1, po # 3n — 2, Tn — 2, 2n + 1, where n EN. 


Proof. g(p) = 20p + 103 = g(fis) = 20 fio + 93 = 20(5pıp2 — (pı + 3p2 + 10)) + 103 = 
(10pı — 3)(10p2 — 1). 

Since (10p;—3) and (10p2—1) represents a natural number with unit digit 7 and 9 respectively, 
then 

g(fi3(p1, p2)) = (10pı — 3)(10p2 — 1) represents a composite natural number with unit digit 
3 with factors (10p; — 3) and (10p2 — 1). 

If (10p; — 3) 4 3n, 7n => pı A 73, T3 and (10p2 — 1) 4 3n, Tn = pp 4 BY, BH then 
(10p; — 3)(10p2 — 1) Æ 3n, Tn. 

If py Æ ne then p; is to be natural number n = 9, 19, 29,... = 10n — 1, n € N. This implies 
that 

pi # 2B >p y UDH = 3n => py A 3n. 


If po # antl, then pə is to be natural number n = 3, 13, 23,... = 10n — 7, n € N. This implies 
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that 


> # nl = p, 4 WDH L 3n — 2 > p # 3n — 2 


Therefore g(f13(p1, p2)) Æ 3n for all pı Æ 3n, po # 3n — 2 

If py Æ ints then pı is to be natural number n = 1, 11, 21,31,... = 10n — 9, n € N. This 
implies that 

pi #28 >p p Tn- w E = Tn — 6 > pı # Tn — 6 

If po 5 “Tad, then pə is To be natural number n = 7,17, 27, 37,... 
implies that 

p # Mtl > p A IH _ 7 2> p # Tn -2 

Therefore g(f13(p1, p2)) Æ Tn for all pı Æ Tn — 6, po # Tn — 2 


Since fi3(p1,p2) = 5p1p2 — (pı + 3p2 + 10), then fi3 to be natural number pı and pə should 














10n — 3, n € N. This 





be even/odd natural number because the expression (pı + 3p2 + 10) must be even. 
Hence g(fi3(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 3 for all pı 4 3n, Tn — 6, 2n + 1 and po Æ 3n — 2, Tn — 2,2n + 1. 














Theorem 23. If p ¢ {8n—2}U{7n—2} U{fio}U {fis}, where n € N then g(p) = 20p +103 
represents a prime number with unit digit 3 greater than or equal to 163, where f\2(pi, p2) 
and fı3(pı, p2) are defined from the above Theorem 21 and Theorem 22 respectively. 





Proof. Clearly followed from Theorem 21 and 22. 











Theorem 24. From the above Theorem 18 and Theorem 23 the functions g(p) = 20p + 93 
and g(p) = 20p + 103 respectively represents all prime numbers with unit digit 3 greater than 
or equal to 113. 














Proof. Clearly followed from Theorem 18 and 23. 
4. A number with unit digit 7 


4.1. A number with unit digit 7 happens at a number with unit 
digit 1 

Theorem 25. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 7 for all natural numbers p with unit digit 1, where n € N. 


Proof. Since p is every natural number with unit digit 1, then p = 10n — 9, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 9) = 105 + 20n — 18 = 20n + 87 => f(p) = 20n+ 87,n € N 


represents a natural number with unit digit 7. 
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Theorem 26. The sequence function f(p) = 20p +87 represents a natural number with unit 
digit 7 which are different from 3n and Tn for all p £ 3n,7n — 4, where n € N. 


Proof. Since we know that f(p) = 105 + 2p 4 3n,7n for all p Æ 3n, Tn, then 


f(p) = 105 + 2(10p — 9) = 20p + 87 Æ 3n, 7n for all (10p — 9) Æ 3n, Tn > p 4 BY, BH. 


IfpF zato, then p is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 


implies that 


p 4 P = a = 3n => p # 3n. Therefore f(p) = 20p + 87 Æ 3n for all p Æ 3n, 


neN. 


mta, then p is to be natural number n = 3, 13, 23,33,... = 10n — 7, n € N. This 


implies that 


p # mt? = aves Das = Tn— 4 = p 47-4. Therefore f(p) = 20p + 87 Æ 7n for all 


p#in—4,neNn. 
































Theorem 27. If g(p) = 20p+87 for p 4 3n, 7n—4, then the sequence function g( fi5(p1, p2)) 
represents a composite natural number with unit digit 7 with factors 10p;—9 and 10p2—3 and 
atfis)— 105 = a natural number with unit digit 1, where fıs(pı, p2) = 5pip2 — 3(3p1 + 9p2 + 6) 


for all pı # 3n, Tn — 4, 2n — 1, po Æ 3n, Tn — 6,2n+ 1, where n EN. 


Proof. g(p) = 20p + 87 = g(fis) = 20fis + 87 = 20(5pip2 — $(3p1 + 9p2 + 6)) + 87 = 
(10p; — 9)(10p2 — 3). 

Since (10p;—9) and (10p2—3) represents a natural number with unit digit 1 and 7 respectively, 
then 

g(fis(p1, P2)) = (10pı — 9)(10p2 — 3) represents a composite natural number with unit digit 
7 with factors (10p; — 9) and (10p2 — 3). 

If (10p1 — 9) A 3n, Tn > pı 4 2, BY and (10p2 — 3) Æ 3n,7n > pz Z BE, SS then 
(10p; — 9)(10p2 — 3) 4 3n, Tn. 


























If pi # "E, then p; is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 

Pı Zato => pF 300n-3)+9 = 3n > pı # 3n. 

If po 4 eae then pə is to be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 





po # ZË => py y iets U3 L 3n > py Æ 3N. 


Therefore g(fis(p1, p2)) # 3n for all pı, p2 A 3n. 


If py # mta, then pı is to be natural number n = 3, 138, 23, 33,... = 10n — 7, n € N. This 


implies that 


pı m => p y OE =n -4 > HT-A. 


If p # mts, then pə is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 


implies that 
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Do as > po y UDH L Tn — 6 > p # Tn — 6 
Ikereiore g(fis(p1, p2)) Æ Tn for all pı 4 Tn — 4, po # Tn — 6 
Since fı5(p1, p2) = Spip2 — $(3p1 + 9p2 +6), then fis to be natural number pı and pz should 





be even/odd natural number because the expression (3p; + 9p2 + 6) must be even. 
Hence g(fi5(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 7 for all py 4 3n, Tn — 4, 2n — 1 and po Æ 3n, Tn — 6,2n + 1. 














Theorem 28. /f g(p) = 20p+87 for p 4 3n, 7n—4, then the sequence function g( fi6(p1, P2)) 
represents a composite natural number with unit digit 7 with factors 10p; — 7 and 10p2 — 1 
and a(fie)— 105 = a natural number with unit digit 1, where fig(p1, p2) = Spipe— 5 (Pi + 7p. +8) 


for all pı 4 3n — 2, Tn, 2n + 1, po Æ 3n — 2, Tn — 2,2n+1, where n EN. 


Proof. g(p) = 20p + 87 => g(fis) = 20fie + 87 = 20(5pip2 — (pı + 7p2 + 8)) + 87 = 
(10p; — 7)(10p2 — 1). 

Since (10p;—7) and (10p2—1) represents a natural number with unit digit 3 and 9 respectively, 
then 

9(fie(p1, p2)) = (10p, — 7)(10p2 — 1) represents a composite natural number with unit digit 
7 with factors (10p; — 7) and (10p2 — 1). 

If (10p1 — 7) Æ 3n, Tn > pı A 24 ™™ and (10p2 — 1) 4 3n, Tn => po A 2H @" then 


























10? 10 10? 10”? 
(10p,; — 7)(10p2 — 1) Æ 3n, Tn. 

If py # oe then p; is to be natural number n = 1, 11,21, ... = 10n — 9, n € N. This implies 
that 

pi E => p y OO = Bn -2> pi #3n—2 

If pə Fs ned, then pə is to be natural number n = 3, 13, 23,... = 10n —7, n € N. This implies 
that 


pz # ZH > p 4 30m DH L 3n — 2 > py # 3n—-2 


Therefore g(fie(p1, p2)) Æ 3n for all pı, po # 3n — 2 

If py # miT, then pı is to be natural number n = 9, 19, 29, 39,... 
implies that 

pı 4 oS >p = Tn > p É Tn. 

If pə 4 "mal, then pə is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 
implies that 

Do Æ Tatl > p Æ eaan DH _ 7n -2> p A 7Tn—2 

Therciore Po E 7n for all pı Æ Tn, po # Tn — 2 


Since fie(p1, p2) = 5pip2 — $(pi + 7p2 +8), then fig to be natural number pı and pz should 








10n — 1, n € N. This 





ei 7(10n—1)+7 
10 








be even/odd natural number because the expression (pı + 7p2 + 8) must be even. 
Hence g(fi6(p~1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 7 for all pı 4 3n — 2,7n,2n + 1 and po Æ 3n — 2, Tn — 2,2n + 1. 
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Theorem 29. [fp ¢ {3n} U {7n — 4} U {fıs} U {fie}, where n € N then g(p) = 20p + 87 
represents a prime number with unit digit 7 greater than or equal to 107, where fi5(p1, p2) 
and fi¢(pi, p2) are defined from the above Theorem 27 and Theorem 28 respectively. 














Proof. Clearly followed from Theorem 27 and 28. 


4.2. A number with unit digit 7 happens at a number with unit 
digit 6 

Theorem 30. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 7 for all natural numbers p with unit digit 6, where n € N. 


Proof. Since p is every natural number with unit digit 6, then p = 10n — 4, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 4) = 105 + 20n — 8 = 20n + 97 = f(p) = 20n + 97,n EN 


represents a natural number with unit digit 7. 














Theorem 31. The sequence function f(p) = 20p +97 represents a natural number with unit 
digit 7 which are different from 3n and Tn for all p 4 3n — 2, Tn — 1, where n EN. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p 4 3n, Tn, then 


f(p) = 105 + 2(10p — 4) = 20p + 97 Æ 3n, 7n for all (10p — 4) Æ 3n, Tn > p 4 BS BH. 


IfpF zati, then p is to be natural number n = 2, 12, 22,32,... = 10n — 8, n € N. This 


implies that 
p x 324 — 300n 84 _ 3n — 2 > p # 3n — 2. Therefore f(p) = 20p +97 Æ 3n for all 














10 10 
pA#3n—2,nEN. 
If p # mtt, then p is to be natural number n = 8, 18, 28, 38,... = 10n — 2, n € N. This 





implies that 


pA mH. TU0n-2)+4 = 7n — 1 > p Æ Tn — 1. Therefore f(p) = 20p + 97 Æ Tn for all 


p#Tn-l1l,nEeN. 

















Theorem 32. If g(p) = 20p + 97 for p # 3n — 2,7n — 1, then the sequence function 
g(fıs(pı, p2)) represents a composite natural number with unit digit 7 with factors 10p, — 9 
and 10p2 — 3 and A = a natural number with unit digit 6, where fis(p1, p2) = 5pipe — 
5(3p1 + 9p2 + 7) for all pı 4 3n, Tn — 4, 2n — 1, po Æ 3n, Tn — 6,2n, where n EN. 





Proof. g(p) = 20p + 97 = g(fis) = 20fig + 97 = 20(5pip2 — 4(3pı + 9p2 + 7)) + 97 = 
(10pı — 9)(10p2 — 3). 

Since (10p;—9) and (10p2—3) represents a natural number with unit digit 1 and 7 respectively, 
then 
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g(fis(p1, p2)) = (10pı — 9)(10p2 — 3) represents a composite natural number with unit digit 
7 with factors (10p; — 9) and (10p2 — 3). 

If (10p; — 9) 4 3n, 7n > pı # ZF, T and (10p. — 3) 4 3n, Tn = py # BB, BS then 
(10p; — 9)(10p2 — 3) Æ 3n, Tn. 

















If pı # anto, then p; is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 

pi #4 5P = pF dai 39 = 3n > pı £ 3n. 

If pə P: Snes, then pə is a be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 


pa A ERE => pa A EGE = 3n > pa A 3n. 


Therefore aaa) 4 3n for all pi, po # 3n. 


If py # mta, then pı is to be natural number n = 3,13, 23, 38, ... 


implies that 

pi 4# ZP >p F T00n-7)+9 = Tn — 4 > pı # Tn — 4. 

If po 4 “Tn, then pə is to be natural number n = 1,11, 21,31,... = 10n — 9, n € N. This 
implies that 

po Æ wt => po £ 700n O48 D3 L 7n — 6 > po # Tn — 6 

Therefore 6G eo) z 7n for all pı 4 Tn — 4, po 4 Tn — 6 


Since fis(p1, p2) = 5P1P2 — E (3pı +9pə +7), then fig to be natural number pı should be even 








10n — 7, n € N. This 











natural number and pə should be odd natural number and vice versa because the expression 
(3pı + 9p2 + 7) must be even. 

Hence g(fis(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 7 for all pı 4 3n, Tn — 4,2n — 1 and po Æ 3n, Tn — 6, 2n. 














Theorem 33. If g(p) = 20p + 97 for p # 3n — 2,7n — 1, then the sequence function 
g(fio(p1, p2)) represents a composite natural number with unit digit 7 with factors 10p, — 7 
and 10p>— 1 and ciao = a natural number with unit digit 6, where fig(p1, p2) = 5pip2 — 
5 (PA + 7p + 9) for all py # 3n — 2, Tn, 2n + 1, po # 3n — 2, Tn — 2, 2n, where n € N. 


Proof. g(p) = 20p + 97 = g(fi9) = 20fi9 + 97 = 20(5pıp2 — 5 (D1 + Tp + 9)) +97 = 
(10p1 — 7)(10p2 — 1). 

Since (10p;—7) and (10p2—1) represents a natural number with unit digit 3 and 9 respectively, 
then 

g(fio(p1, p2)) = (10pı — 7)(10p2 — 1) represents a composite natural number with unit digit 
7 with factors (10p; — 7) and (10p2 — 1). 

If (10p, — 7) Æ 3n, 7n > pı A 234, MET and (10p2 — 1) Æ 3n, 7n > py # 2H, IH, then 
(10p; — 7)(10p2 — 1) Æ 3n, Tn. 

If py # Smet then p; is to be natural number n = 1,11, 21,... = 10n — 9, n € N. This implies 
that 
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pi # ZE > pi H a = 3n -2> pi a 
pA tn l 
that 

po 4 At => py y WDH = 3n — 2 > p # 38n—2 

Therelore 9(fi9(p1, p2)) Æ 3n for all pı, po Æ 3n — 2 

If pı Æ MET, then pı is to be natural number n = 9, 19, 29,39, ... = 10n — 1, n € N. This 
implies that 

pı inet => pF U0 Ht = 7n => p # n. 

If po 4 "mal, then pə is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 
implies that 

p # Z >p pee Ai aE — 2 => po # Tn —2 

Theses cB) Æ Tn for all py 4 Tn, po £ Tn — 2 

Since fi9(p1,p2) = 5p1p2 — $(p1 + 7p2 + 9), then fiy to be natural number pı should be even 











,23,... = 10n—7,n € N. This implies 

















natural number and pə should be odd natural number and vice versa because the expression 
(pı + 7p2 +9) must be even. 

Hence g(fi9(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 7 for all pı 4 3n — 2, Tn, 2n + 1 and po Æ 3n — 2, Tn — 2, 2n. 














Theorem 34. [fp ¢ {8n—2}U{7n—-1}Uf{fis}U{fio}, where n € N then g(p) = 20p+ 97 
represents a prime number with unit digit 7 greater than or equal to 137, where fis(pi, p2) 
and fi9(pi,p2) are defined from the above Theorem 32 and Theorem 33 respectively. 





Proof. Clearly followed from Theorem 32 and 33. 











Theorem 35. From the above Theorem 29 and Theorem 34 the functions g(p) = 20p + 87 
and g(p) = 20p + 97 respectively represents all prime numbers with unit digit 7 greater than 
or equal to 107. 





Proof. Clearly followed from Theorem 29 and 34. 











5. A number with unit digit 9 


5.1. A number with unit digit 9 happens at a number with unit 
digit 2 

Theorem 36. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 9 for all natural numbers p with unit digit 2, where n € N. 

Proof. Since p is every natural number with unit digit 2, then p = 10n — 8, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 8) = 105 + 20n — 16 = 20n + 89 > f(p) = 20n + 89,n € N 
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represents a natural number with unit digit 9. 














Theorem 37. The sequence function f(p) = 20p+89 represents a natural number with unit 
digit 9 which are different from 3n and Tn for all p 4 3n —1,7n — 2, where n EN. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p Æ 3n, Tn, then 


f(p) = 105 + 2(10p — 8) = 20p + 89 Æ 3n, 7n for all (10p — 8) Æ 3n, Tn > p + BS, BE. 


If p # zats, then p is to be natural number n = 4, 14,24,34, ... = 10n — 6, n € N. This 


implies that 
p # 328 — 300n 68 _ 3n — 1 > p #3n-— 1. Therefore f(p) = 20p + 89 ¥ 3n for all 

















10 10 
p#3n—1,neEN. 
If p # Tts, then p is to be natural number n = 6, 16, 26, 36,... = 10n — 4, n € N. This 


implies that 


p as a, LEEDS = Tn— 2 = p # Tn — 2. Therefore f(p) = 20p + 89 4 7n for all 


p#in—2,neEN. 

















Theorem 38. If g(p) = 20p + 89 for p # 3n —1,7n — 2, then the sequence function 
g( foi(p1, p2)) represents a composite natural number with unit digit 9 with factors 10p, — 9 
and 10p2 — 1 and a(f21)—105 = a natural number with unit digit 2, where fz (p1, p2) = 5pipe — 
(pı + 9p + 8) for all pı 4 3n, Tn — 4, 2n — 1, po 4 3n — 2, Tn — 2, 2n + 1, where n € N. 


Proof. g(p) = 20p + 89 => g(for) = 20fo1 + 89 = 20(5pip2 — (pı + 9p2 + 8)) + 89 = 
(10p; — 9)(10p2 — 1). 

Since (10p;—9) and (10p2—1) represents a natural number with unit digit 1 and 9 respectively, 
then 

g(foi(p1, p2)) = (10pı — 9)(10p2 — 1) represents a composite natural number with unit digit 
9 with factors (10p; — 9) and (10p2 — 1). 

If (10p1 — 9) Æ 3n, 7n > pı A F, SY and (10p2 — 1) Æ 3n, 7n > pz + BY, SS then 
(10p; — 9)(10p2 — 1) Æ 3n, Tn. 


























If pi # 2, then pı is to be natural number n = 7, 17, 27,... = 10n — 3, n € N. This implies 
that 

DF snt? > pı É e = 3n > pı # 3n. 

If pə 4 eae then pə is to be natural number n = 3, 13, 23,... = 10n —7, n € N. This implies 
that 

po # ZE > pm # 300r- DH — 3n — 2 > p #3n—2 


Therefore eee 2 3n for all pı Æ 3n, po # 3n — 2 


If pi # “**, then p; is to be natural number n = 3, 13, 23, 33, ... = 10n — 7, n € N. This 


implies that 
A + int9 > p y UDH — mn- 4> p # ™n—4 
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If po # mtl, then pə is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 
implies that 

p # ZE > p x 1 Ui -21 = Tn — 2 > p # Tn — 2 

Therefore dane 2 Tn for all pı 4 Tn — 4, pp 4 Tn — 2 


Since foi(p1,p2) = 5pipe — (p + 9p2 + 8), then fg; to be natural number pı and pə should 








be even/odd natural number because the expression (pı + 9p2 + 8) must be even. 
Hence g(f21(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all pı 4 3n, Tn — 4, 2n — 1 and po 4 3n — 2, Tn — 2, 2n + 1. 














Theorem 39. If g(p) = 20p + 89 for p # 3n — 1,7n — 2, then the sequence function 
g(f22(p1, p2)) represents a composite natural number with unit digit 9 with factors 10p, — 7 
and 10p2 — 7 and ees = a natural number with unit digit 2, where f22(p1, p2) = 5pipe — 
5(7P1 + 7p + 4) for all pi, po Æ 3n — 2,7n,2n+1, where n € N. 


Proof. g(p) = 20p + 89 = g(f22) = 20f2 + 89 = 20(5pip2 — $(7p1 + Tp2 + 4)) + 89 = 


(10pı — 7)(10p2 — 7). 
Since (10p; — 7) and (10p> — 7) represents a natural number with unit digit 3, then 





g( fo2(p1, p2)) = (10p; — 7)(10p2 — 7) represents a composite natural number with unit digit 
9 with factors (10p; — 7) and (10p2 — 7). 

If (10p; — 7) # 3n,7n => pı A %41, IH and (10p, — 7) # 3n, Tn = py A 47, MT then 
(10p, — 7)(10p2 — 7) 4 3n, Tn. 

















If py # antr, then pı is to be natural number n = 1, 11,21, ... = 10n — 9, n € N. This implies 
that 

pi Ft >p p 30tn- 947 — 8n — 2 => p, # 8n. 

If po A oe then pə is to be natural number n = 1, 11,21,... = 10n — 9, n € N. This implies 
that 





po # ZE > py # Sn Ot — 3n — 2 > p # 3n — 2 

Therefore g(f22(p1, p2)) Æ 3n for all pı, po # 3n — 2 

If pı # “1, then p; is to be natural number n = 9,19, 29,39,... = 10n — 1, n € N. This 
implies that 

pı mtr >p pM aeu w = Tn > pı É Tn. 

If po Bs "maT, then pə is o be natural number n = 9, 19,29,39, ... = 10n — 1, n € N. This 
implies that 

p # ZE > p A U UET — Tn => po # Tn. 


Therefore g(f22(p1, p2)) Æ Tn for all pı, p2 Æ Tn. 
Since f22(p1, p2) = 5p1p2 — (7p + 7pə + 4), then fə to be natural number pı and p> should 














be even/odd natural number because the expression (7p; + 7p2 + 4) must be even. 
Hence g(f22(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all p1, p2 4 3n — 2, Tn, 2n + 1. 
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Theorem 40. If g(p) = 20p + 89 for p # 3n —1,7n — 2, then the sequence function 
g( fo3(p1, p2)) represents a composite natural number with unit digit 9 with factors 10pı — 3 
and 10p. — 3 and at fas) 108 = a natural number with unit digit 2, where fo3(p1, p2) = 5pipe — 


$(3p1 + 3p2 + 8) for all pı, p2 # 3n, Tn —6,2n +1, where n € N. 


Proof. g(p) = 20p + 89 = g(fo3) = 20f23 + 89 = 20(5pip2 — $(3p1 + 3p2 + 8)) + 89 = 
(10p; — 3)(10p2 — 3). 
Since (10p; — 3) and (10p2 — 3) represents a natural number with unit digit 7, then 





g( fo3(p1, p2)) = (10pı — 3)(10p2 — 3) represents a composite natural number with unit digit 
9 with factors (10p; — 3) and (10p2 — 3). 
If (10p, — 3) 4 3n, 7n > pı 4 2E TE and (10p2 — 3) Æ 3n, Tn => po A 248, E3 then 

















10? 10 10? 10” 

(10p; — 3)(10p2 — 3) Æ 3n, Tn. 

If py # anta, then p; is to be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 

pı sat => pı F 300r- t3 = 3n > pı # 3n. 

If po Ey ns, then pə is to be natural number n = 9, 19,29, ... = 10n — 1, n € N. This implies 
that 


po F 2S => py A Pon Dia D*3 — 3n > po £ 3n. 


Therefore g(fo3(p1, p2)) Æ 3n for all pı, po Æ 3n. 

If py Æ mts, then pı is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 
implies that 

pı # Z >p = Tn — 6 > pı É Tn — 6 

If po # mts, then pə is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 
implies that 

po # ZË => pp y UDH — Tn — 6 > p # Tn —6 

Therefore g( fo3(p1, p2)) Æ Tn for all pi, po 4 Tn — 6 


Since f3(p1, P2) = 5pip2 — $(3p1 + 3p. +8), then fo3 to be natural number pı and p> should 








Zz 7(10n—9)-+3 
10 








be even/odd natural number because the expression (3p; + 3p2 + 8) must be even. 
Hence g(f23(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all p1, po 4 3n, Tn — 6,2n + 1. 














Theorem 41. If p ¢ {3n — 1} U {7n — 2} U {fai} U {foo} U {fos}, where n € N then 
g(p) = 20p + 89 represents a prime number with unit digit 9 greater than or equal to 109, 
where foi(p1, P2), f22(p1, P2) and fo3(p1, p2) are defined from the above Theorem 38, Theorem 
39 and Theorem 40 respectively. 














Proof. Clearly followed from Theorem 38, 39 and 40. 
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5.2. A number with unit digit 9 happens at a number with unit 
digit 7 

Theorem 42. The sequence function f(p) = 105+ 2p represents a natural number with unit 
digit 9 for all natural numbers p with unit digit 7, where n € N. 

Proof. Since p is every natural number with unit digit 7, then p = 10n — 3, n € N. Therefore 
f(p) = 105 + 2p = 105 + 2(10n — 3) = 105 + 20n — 6 = 20n + 99 > f(p) = 20n + 99,n € N 


represents a natural number with unit digit 9. 














Theorem 43. The sequence function f(p) = 20p+99 represents a natural number with unit 
digit 9 which are different from 3n and Tn for all p 4 3n,7n — 6, where n € N. 


Proof. Since we know that f(p) = 105 + 2p Æ 3n,7n for all p 4 3n, Tn, then 


f(p) = 105 + 2(10p — 3) = 20p + 99 # 3n, 7n for all (10p — 3) 4 3n, Tn > p F H3, T3, 


If p # Zata, then p is to be natural number n = 9, 19,29, 39,... = 10n — 1, n € N. This 


implies that 


p Æ are = o = 3n = p # 3n. Therefore f(p) = 20p + 99 Æ 3n for all p ¥ 3n, 


neN. 


If p # mts, then p is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 


implies that 


j n43 = zaon 8 = Tn — 6 => p # Tn — 6. Therefore f(p) = 20p + 99 Æ 7n for all 


p#m-6, neN. 
































Theorem 44. Ifg(p) = 20p+99 for p Æ 3n, 7n—6, then the sequence function g( f25s(p1, p2)) 
represents a composite natural number with unit digit 9 with factors 10pı — 9 and 10p2 — 1 
and aUas) -105 = a natural number with unit digit 7, where fos(p1, p2) = 5p1p2 — (pı +9p2 +9) 


for all pı # 3n, Tn — 4, 2n — 1, po # 3n — 2, Tn — 2, 2n, where n € N. 





Proof. g(p) = 20p +99 = g(fos) = 20fo5 + 99 = 20(5pip2 — (pı + 9p2 + 9)) + 99 = 
(10p1 — 9)(10p2 — 1). 

Since (10p;—9) and (10p2—1) represents a natural number with unit digit 1 and 9 respectively, 
then 

9(fo5(p1, p2)) = (10p1 — 9)(10p2 — 1) represents a composite natural number with unit digit 
9 with factors (10p; — 9) and (10p2 — 1). 

If (10p; — 9) 4 3n, 7n => pı A 2S, & and (10p2 — 1) 4 3n, Tn > pp 4 BY, BE then 
(10p; — 9)(10p2 — 1) Æ 3n, Tn. 

If py # anto, then p; is to be natural number n = 7, 17,27, ... = 10n — 3, n € N. This implies 
that 
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pi #8 = py A EE = 3n > pi A 3n. 
If po ee 
that 

po 4 E => po y WDH = 3n — 2 > p # 3n- 2 

Therelore g(f25(p1, P2)) Æ 3n for all pı Æ 3n, po # 3n — 2 

If py # mta, then pı is to be natural number n = 3, 138, 23, 33,... = 10n — 7, n € N. This 
implies that 

pi # ZP >p FZ 700n—+9 — 7n —4 > py Æ Tn—4 

If po 4 "mal, then pə is to be natural number n = 7,17,27,37,... = 10n — 3, n € N. This 
implies that 

p # Z >p yap i- Ton D — 7 — 2 => po #7n—2 

Thesis Gaba) # Tn for all py 4 Tn — 4, po # Tn — 2 

Since f25(p1, p2) = 5p1p2 — (p1 + 9p2 + 9), then fəs to be natural number pı should be even 











,23,... = 10n—7,n € N. This implies 

















natural number and pə should be odd natural number and vice versa because the expression 
(pı + 9p. + 9) must be even. 

Hence g(f25(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all pı 4 3n, Tn — 4,2n — 1 and po Æ 3n — 2, Tn — 2, 2n. 














Theorem 45. If g(p) = 20p + 99 for p #4 3n —1,7n — 2, then the sequence function 
g(foe(p1, p2)) represents a composite natural number with unit digit 9 with factors 10p, — 7 
and 10p2 —7 and io = a natural number with unit digit 7, where fo6(p1, p2) = 5pip2 — 


$(7p1 + 7p2+5) for all pı 4 3n — 2, Tn, 2n + 1, po # 3n — 2,7n,2n, where n EN. 


(10pı — 7)(10p2 — 7). 
Since (10p; — 7) and (10p2 — 7) represents a natural number with unit digit 3, then 





g( foe(p1, p2)) = (10p; — 7)(10p2 — 7) represents a composite natural number with unit digit 
9 with factors (10p; — 7) and (10p2 — 7). 

If (10p, — 7) A 3n, Tn > pı # 2441, MET and (10p2 — 7) Æ 3n, 7n > py A 2241, MAT then 
(10p; — 7)(10p2 — 7) Æ 3n, Tn. 























If pı # antr, then pı is to be natural number n = 1, 11,21, ... = 10n — 9, n € N. This implies 
that 

pi # ZE > p # Co DHT L 3n — 2 > pı £ 3n. 

If po # “nT, then pə is n be natural number n = 1, 11, 21,... = 10n — 9, n € N. This implies 
that 


p BntT — p, A 300-947 — 3n — 2 > pa # 3n — 2 


Therefore g(f26(p1, p2)) # 3n for all pı, p2 A 3n — 2 


If py Æ MET, then pı is to be natural number n = 9, 19, 29, 39, ... = 10n — 1, n € N. This 


implies that 
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pf Et => py A EE = In py Tn. 

If po 4 "maT, then pə is to be natural number n = 9, 19, 29, 39, ... = 10n — 1, n € N. This 
implies that 

P2 Æ Tet > p É CULU a D+ 7n > p £ Tn. 

‘Thasiore Scape) K Tn for all pı, po Æ Tn. 


Since f26(p1, p2) = Spipe — 5(7p1 + 7p2+5), then fz to be natural number pı should be even 











natural number and pz should be odd natural number and vice versa because the expression 
(7p; + Tp + 5) must be even. 

Hence g(f26(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all pı 4 3n — 2,7n,2n + 1 and po Æ 3n — 2, Tn, 2n. 














Theorem 46. If g(p) = 20p + 99 for p #4 3n —1,7n — 2, then the sequence function 
g(fo7(p1, p2)) represents a composite natural number with unit digit 9 with factors 10p; — 3 
and 10p — 3 and soa = a natural number with unit digit 7, where fo7(p1, p2) = 5pip2 — 
$(3p1 + 3p2+9) for all pı 4 3n, Tn — 6, 2n + 1, po # 3n, Tn — 6, 2n, where n EN. 


Proof. g(p) = 20p + 99 = g(fo7) = 20fo7 + 99 = 20(5pip2 — 4(3pı + 3p2 + 9)) + 99 = 
(10p; — 3)(10p2 — 3). 
Since (10p; — 3) and (10p2 — 3) represents a natural number with unit digit 7, then 





g( fo7(p1, P2)) = (10pı — 3)(10p2 — 3) represents a composite natural number with unit digit 
9 with factors (10p; — 3) and (10p2 — 3). 
If (10p; — 3) Æ 3n, Tn > pı A 222, ™* and (10p2 — 3) 4 3n, 7n > po # 23 ™ 3 then 























10’ 10 10? 10? 
(10p; — 3)(10p2 — 3) Æ 3n, Tn. 

If pi # 7, then p; is to be natural number n = 9,19, 29, ... = 10n — 1, n € N. This implies 
that 

pi # Z => pi # e D*3 L 3n > pı £ 3n. 

If po 2 an then pə is ae be natural number n = 9, 19, 29,... = 10n — 1, n € N. This implies 
that 





P2 srs => p F# 30n- D3 = 3n > p # 3n. 


Therefore g( fo7(p1, p2)) Æ 3n for all pı, po A 3n. 


If py Æ mts, then pı is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 


implies that 
p # ZE = p, y DR L 1 —6 > pi # In —6 


If po # mts, then pə is to be natural number n = 1,11,21,31,... = 10n — 9, n € N. This 


implies that 
p2 Tnt => p F# Uma = Tn — 6 > p 4# Tn — 6 
Thereiore g( fo7(p1, p2)) Æ Tn for all pi, po 4 Tn — 6 


Since fo7(pi, p2) = 5pipe — $(3p1 +3p2 +9), then f27 to be natural number pı should be even 














natural number and pə should be odd natural number and vice versa because the expression 
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(3p; + 3p2 + 9) must be even. 
Hence g(f27(p1, p2)) represents a composite natural number which are different from 3n and 
7n with unit digit 9 for all pı 4 3n, Tn — 6,2n + 1 and po Æ 3n, Tn — 6, 2n. 














Theorem 47. [fp ¢ {3n}U{7n—G6}U{ fos} U{ fos} U{ faz}, where n € N then g(p) = 20p+99 
represents a prime number with unit digit 9 greater than or equal to 139, where f25(p1, p2), 


fos (P1, p2) and fə7(pı, p2) are defined from the above Theorem 44, Theorem 45 and Theorem 


46 respectively. 


Proof. Clearly followed from Theorem 44, 45 and 46. 














Theorem 48. From the above Theorem 41 and Theorem 47 the functions g(p) = 20p + 89 
and g(p) = 20p + 99 respectively represents all prime numbers with unit digit 9 greater than 


or equal to 109. 


Proof. clearly followed from Theorem 41 and Theorem 47. 
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